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Organizations 

This study was conducted in collaboration with the two following organizations.  

African Institute of Corporate Citizenship 

African Institute of Corporate Citizenship (AICC) is committed to promoting responsible 

growth and competitiveness in Africa by changing the way companies in liaison with public 

sector do business to benefit people, the economy and the environment in order to build 

sustainable communities. AICC specializes in acting as a catalyst and facilitator of change, as 

a broker and initiator of multi-sector partnerships and platforms as well as a knowledge 

management hub for issues relating to the role of responsible business in society in Africa. 

Currently AICC is implementing the Malawi Agricultural Partnership [MAP] programme in 

Malawi. The MAP focuses at creating agriculture partnerships for development using the value 

chain approach.  Using this platform, MAP is currently facilitating a cotton platform, rice 

partnership and a formation of a legumes platform  

 

Swedish Cooperative Center 

Swedish Cooperative Centre (SCC) is a Swedish international non-political, non-religious and 

non-profit organization owned by 40 members based organizations. SCC is mainly working in 

collaboration with local member based organizations with the purpose to improve living 

conditions for poor women and men through increased income and strengthened ability to 

organize themselves and defend their rights. SCC has, since 2005, been closely working with 

VI Agroforestry, another cooperative owned organization from Sweden that is specialized 

within the field of climate smart agriculture using agro forestry methods and promoting farming 

as a business. The two organizations are today jointly implementing programs in Eastern and 

Southern Africa. SCC and Vi Agroforestry are in Malawi working in a consortium with three 

local institutions, Farmers Union of Malawi (FUM), National Smallholder Farmers Association 

of Malawi (NASFAM) and Malawi Union of Savings and Credit Co-operatives (MUSCCO) 

implementing the Malawi Lake Basin Programme with the aim to improve the livelihood for 

small scale farmers through improved agricultural practices, strengthened farmers organization 

and increased knowledge on Business and marketing. 
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Executive Summary 

Malawi is a landlocked country with a population of 15.5 million people. About 50% of the 

country’s Gross Domestic Product (GDP) comes from the agriculture sector. Due to poor 

agriculture activities, cultivation areas are extending in to the forests areas. This combined with 

the major consumption of fuel wood and charcoal, as cooking fuel, is depleting the forests areas 

around the country. Although the government has made it illegal to cut trees as fuel wood, the 

lack of alternative energy sources gives the people no choice but to continue depleating the 

forests. Charcoal and fuel wood accounts for three quarters of the total household energy 

expenditure in low income households. This calls for strategies and measures to ensure that the 

pressure on forest reserves is reduced, by employing alternative sources of energy. This report 

has focused on introduction of pyrolysis technologies as an alternative energy source to 

charcoal and fuel wood. 

The study focused on the four districts where AICC and SCC are already operating. These are 

Nkhotakota, Machinga (for AICC), Salima and Mangochi Districts (for SCC). Stakeholder 

consultations and Focus Group Discussions (FGD) were conducted to collect primary data.  

Stakeholders indicated that conservation agriculture is being heavily promoted as such residues 

for crops like maize are on high demand. Other crop residues can therefore be targeted to 

promote pyrolysis technologies. 

The study concluded that there is great potential for increased sustainable energy production 

through utilisation of crop residues in Malawi. However, the crop residues to be involved should 

not have competitive uses so that wasted residues are fully utilized. Conservation agriculture is 

highly promoted and uses a lot of maize residues. For that reason this study focussed on crop 

residues that of different reasons are not suitable for Conservation agriculture. These are 

tobacco, sunflower, cotton and rice husks.  

The study came up with the following potential projects: 

Pyrolysis Stoves at household level: 

This stove replicates the wood saving stoves currently being promoted by various players in the 

energy and natural resource conservation sector. It adds value in that it’s not primarily meant 

to efficiently use the firewood but it aims to promote use of residues initially for crops like 

cotton, sorghum, sunflower, pigeon peas, tobacco and rice. Furthermore, it aims to promote 

production of bio char (which is the by-product of the combustion in this stove), which will be 

applied in the soil. The expected outcomes are: reduced pressure on forest reserves due to 

utilization of crop residues to generate energy for cooking; improved health, especially among 

women and children; improved soil condition-especially water holding capacity; improved crop 

production;  

Gasifiers for Energy Production at Small-scale Industries: 

Within the study area there were two potential small-scale industries that with pyrolysis 

technology and through utilising the by-products from the processing activity could not only 

become self-sufficient in energy production but also be able to produce excess energy for sale 
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and indirect create a pellet market. It was reported calculated, based on the predicted production 

capacity, that Talimbika oil factory produces 183 times more energy in form of biomass than 

the factory consumes. For the rice mill at Domasi Scheme, it was reported that the daily energy 

used is 176 kWh, which is about 1% of the energy produced in form of rice husk from the 

factory. The expected outcomes are: efficient processing using renewable energy, expansion of 

processing capacity business activity due to increased energy production and utilization and 

helping to create a pellet market. 

Reintroduction of Biochar to the soil for improved sustainable crop production: 

Bio char improves the water holding capacity of the soil. Specific crops can be selected for 

trials and ovens can be designed for bio char production. This can be done better at community 

level as a pilot so that members can contribute through construction of ovens and mobilizing 

residues. The expected outcomes are: improved soil condition-especially water holding 

capacity; improved crop production and carbon sequester.  
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1. Introduction 
Agriculture is a key sector of Malawi’s economy and development. It employs about 80% of 

the country’s labour force and accounts for nearly 50% of the country’s Gross Domestic Product 

(GDP). Most of the agricultural production comes from smallholder farmers who produce about 

85% of the food consumed by the nearly 15.5 million people in the country. These farmers 

cultivate small pieces of land, i.e. – a national average of about 0.5 hectare. 

Famine and undernourishment are common phenomena in Malawi – indicating an ailing 

agricultural sector. Malawian agriculture is characterised by low productivity. The national 

average annual maize yield, the nation’s most important staple food, is estimated to 1.3 tons per 

ha compared to over 10 tons per ha in the US (Denning, o.a., 2009). Reasons for this include 

poor agronomic practices such as burning of crop residues, lack of access to farm inputs (such 

as fertilizers), poor soil conditions, the impacts of droughts and floods, which are related to 

climate change and rapid deforestation of important water catchment areas. Despite the 

challenges faced by the agriculture sector there is untapped potential within the sector which if 

exploited can bring improvement. One of the underutilized areas is utilization of crop residues. 

Being an agro-based economy, there are a lot of crops grown and a lot of residues remain after 

harvesting, but few are put to their optimal use.  If bio fuel technologies are promoted, most of 

the crop residues, which are wasted, can be utilized and directly impact the generation of 

sustainable energy and simultaneously improve crop production.   

1.1 Aim 
The objective of this study was to identify and map the possibilities of introducing pyrolysis 

technologies as an alternative energy source to charcoal and fuel wood in Malawi, sub-Sahara 

Africa. The study includes three sub-topics; i) field survey of crop residues suitable as an 

alternative energy source , ii) determination of energy content and potential of selected crop 

residues and, iii) assessment of the potential for utilization of biochar, from the small scale 

gasification technologies,  as soil improver. 

 

2. Background 

2.1 Energy in Malawi 
Biofuels in Malawi context are defined as firewood, charcoal, crop residues and animal dung. 

In 2008, bio fuel accounted for 88% of the total energy consumption in Malawi. As many Sub-

Saharan countries, the energy policy in Malawi is primarily directed towards the development 

of the electricity and petroleum sectors, with a fundamental objective of reducing dependence 

on biomass fuels. It is stipulated in the National Energy Policy (2003) that a target was set to 

reduce biomass reliance from 93% in 2000 to 50% in 2020. At current rates of change, biomass 

will still account for 82% of the total national energy consumption in 2020, rather than the 50% 

that was targeted (Government of Malawi, 2009).  
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Although for a long time national polices have been focusing on transforming the country’s 

economy from high dependency on biomass energy towards greater reliance on other sources, 

particularly electricity, it has been recently recognized that a more pragmatic approach to the 

biomass energy sector is required at the same time. This postulates support to other energy 

sources like crop residues. As outlined in the Malawi Biomass Energy Strategy [BEST], its 

overall objective is to ensure sustainable supply of affordable wood fuels. Its three specific 

objectives are to:  

 Increase the supply of sustainable wood fuels 

 Increase the efficiency of energy use 

 Create the institutional capacity to manage the biomass energy sector 

effectively and implement the strategy. 

 
The electricity in Malawi is mainly provided by Energy Supply Cooperation Of Malawi 

[ESCOM], a government owned company responsible for the generation, distribution, retail, 

import and export of the electricity. ESCOM stands for 98,4% of the country’s electricity 

production. Throughout Malawi, only 7,6% of the population has access to electricity. Of these 

only one present is supplied to the rural areas. The main source of energy is hydropower from 

Shire-river, which is the only outlet from Lake Malawi. The installed capacity, year 2011, was 

284MW through hydropower. ESCOM is installing an additional 64 MW, which will give a 

total capacity of 348 MW (Government of Malawi, 2011). The electricity price has been quite 

low, sometimes even lower than the price for wood, charcoal and kerosene. According to the 

BEST, the demand of electricity is soon reaching this capacity, which will position the country 

in a state of energy deficiency. 

As the energy demand increases and is met by new installed capacity, the power grid also 

requires an upgrade. The grid is although already overloaded, which results in power cuts, 

equipment damage for the costumer and increased production losses. The investment cost to 

bring the system to supply the electricity within an acceptable quality level is estimated to US$ 

400 million. This investment is too insecure for ESCOM to make due to the instability of the 

Malawi economy (Government of Malawi, 2011). During year 2012 the value of the MKW 

reduced its value by more than 50%, as can be seen in Figure 1 (FX Exchange Rates, 2013). 

This will, in the future, lead to an increased electricity price. 
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Figure 1. Exchange rate of the Malawi Kwacha to US-dollars from the 18:th of 

January 2012 to the 18:th of January 2013.  

 

 

Charcoal and fuel wood accounts for three quarters of the total household energy in low 

income households. In addition, electricity is the main source of energy among more affluent 

households (those in low- and medium-density areas); but these households also use charcoal 

in significant amounts (Kambewa, Mataya, Sichinga, & Johnson, 2007). The increased 

consumption of charcoal in Malawi is proportional to the population growth as can be seen in 

Figure 2. This has a direct effect on the forestry sector. 

 

Figure 2. Estimated charcoal production and population development in Malawi (made by FAO) from the year 1980 to 

2010. 

2.3 Forestry in Malawi 
The forest in Malawi provides the people with cheap energy and is a large income source for 

people in the rural areas. If the charcoal produced in Malawi would be exported, it would have 

been Malawi’s third largest source of income. The FAO estimates the annual reduction of forest 

areas to about 33 000 ha, as can be seen in Figure 3. 
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Figure 3. Estimated forest area in Malawi between the years 1990 to 2009. 

When making charcoal certain wood types are preferred which leaves a forest with a lower 

wood quality. This leads to a forest with poor biodiversity and, in severe cases when the forest 

cover has been totally removed, soil erosion with permanent decrease in soil productivity as a 

result. (Kambewa, Mataya, Sichinga, & Johnson, 2007) 

 

The effect of deforestation directly results in degradation of water catchment areas. This results 

in reduced infiltration, flash floods during rainy season, soil erosion and drought during dry 

season. The end result is poor water quality during rainy season and drought during dry season 

(Kenya Water Resourse Management Authority, 2008). 

2.4 Agriculture 
At the year 2005 there was a major drought and a large part of Malawi’s population ended up 

in starvation. The government implemented a national subsidy program which subsidized 

fertilizer. This combined with a good rainy season lead to a doubling of crop production 2006 

and almost tripled it the year of 2007. Malawi went from a 43 percent food deficit 2005 to a 53 

percent surplus 2007. This can be seen in Figure 1.  
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In an interview with the forestry director of the Salima district, he said that their resources to 

manage illegal woodcutting and cultivation in forests reserves were about 80 000 MKW. This 

money is to cover cost of police force, petrol for the cars and education at schools. He also 

mentioned that even if they could get more money to increase the police force, people would 

still cut forest due to lack of alternative energy source. 
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The overall increase in agriculture production in sub-Saharan countries does not reach the 

population growth. The main increase in agriculture production comes by extending the 

cultivation areas (Denning, o.a., 2009). This forces people to go in to the forest areas were the 

soil is fertile. After the harvest most farmers collects the residues and burns them, which leads 

to degradation of soil fertility and water holding capacity. There are several projects working 

against this practice i.e. trying to introduce conservation farming.  

 

2.8 Health effects by indoor cooking 
The energy demand at household level in Malawi is covered mainly by wood (89,1%), charcoal 

(6,7%), residue/dung (2,3 %), electricity  (1,4 %) and paraffin (0,5 %). The most common way 

of cooking is the “three stone system”, which consists of three larger stones for the pot to stand 

on and an open fire underneath (Government of Malawi, 2009; FAO Forestry Department, 

1986). This system produces a lot of smoke that contains many substances that have negative 

effects of human health. The most adverse  substances such as carbon oxide, particles, nitrous 
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Figure 4. Crop production of the seven major grown crops in Malawi in the years 2000-2010.  

In an interview with a farmer in Mangochi, he said that the crop residues are sold directly 

after harvest. From this he earns some extra money. When he got the question: “Has the crop 

productivity changes since you started this practice?” he looked a bit disturbed and said that 

when he started with this practice five years ago he obtained about 45 sacks of maize, but it 

has successively decreased each year to 21 sacks today.  

He also showed his water-well downhill from the farm and said that the water-well used to 

serve his family with water all around the year but now it has dried up. 
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oxides, sulphur oxides, formaldehyde, polycyclic organic matter and carcinogens. The 

particulate matter can be divided into two size fractions, i.e. particles with diameters below 10 

micrometres (PM10) and particles with diameter below 2,5 micrometres (PM2,5). PM2,5 has a 

higher potential of damaging the health, since it can penetrate deeper into the respiratory 

system. During times of cooking, the indoor concentrations by a 24-hour mean of PM10 has 

been shown to  be in the range 300-3000 𝜇g/m3 and occasionally reaches up to 30 000 𝜇g/m3 

[läge för referens]. This exceeds the United States Environmental Protection Agency’s standard 

for 24-hour mean concentrations of 150 𝜇g/m3. The same standard for 8-hour mean carbon 

monoxide concentration is 9 ppm while the measured 24-hour mean lays in the range 2-50 ppm 

and increases to lay between 10-500 ppm during cooking. Due to indoor cooking with open 

fires and charcoal burning, these people are exposed to very high levels of pollution during 3-

7 hours per day for several years. Women and young children are a major target through their 

involvement in cooking. For children under five years, acute lower respiratory infections are 

the single highest cause of death. Acute lower respiratory infections account for about 2 million 

deaths annually for children between the ages 0 to 5 years worldwide (Nigel, Perez-Pandilla, & 

Albalak, 2000). However,  by using well-designed cooking stoves, the pollutions can be 

reduced by up to 90% compared to the traditional “three stone system” (Hoel & Fermo, 2012). 

2.9 Summary - bioenergy and related issues in Malawi 
Malawi has today a rapidly increasing population, which increases the pressure on the country’s 

national resources. Due to lack of alternative energy sources the population has no other choice 

than to get their main source of energy from the forests. When cooking indoors the health of 

woman and children are highly affected negatively. A well-developed electricity grid could 

solve both these problems, but due to the already overloaded electricity grid combined with the 

poor economy situation this solution cannot be seen in the foreseeable future. The current 

handling of crop residues results in degradation of soil fertility and water holding capacity. This 

results in larger cultivation areas for the same crop production. The reduced water holding 

capacity results in flash floods and soil erosion during rainy season, which reduces the water 

quality in rivers and groundwater and during dry season drought occurs. Following bullets 

summarizes the situation: 

 Rapid decrease in forest area and biodiversity 

 Reduced water catchment areas 

 Decrease in soil fertility 

 Electricity demand increases which results in poor quality electricity and a raise 

in electricity price can be expected 

 Health problem due to indoor cooking 
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3 Theory 
 

3.1 Pyrolysis and gasification 
Pyrolysis and gasification is thermochemical decomposition of organic material at elevated 

temperatures, with start temperature about 200˚C, without or with a small participation of 

oxygen. The lambda value, 𝛌, indicates the oxygen fraction ad in the system (stoichiometric 

composition). If lambda is one the system has theoretically enough oxygen to obtain a complete 

combustion. From zero to one is where the pyrolysis and gasification zones are. The boundary 

separating the pyrolysis and gasification zones is not defined, as can be seen in Figure 6. 

 

 

Figure 5. Stoichiometric oxygen fraction that defines pyrolysis, gasification and combustion. 
Source: lecture notes from Christoffer Boman, Umeå University 

 

 The pyrolysis technologies can be split into two categories, i.e. fast and slow pyrolysis. 

In the fast pyrolysis, the biomass is heated quickly within a higher temperature range (above 

300˚C), thereby producing a mixture of a lot of heavy organic compounds called “tars”. This 

gives either an end product in liquid form that can be refined to bio-oil or, if heated to higher 

temperatures, to synthetic gases. In this heating process, the bounds of the tar-molecule are 

broken, called cracking, primarily into three light gases, i.e. hydrogen gas [H2], carbon oxide 

[CO] and methane [CH4]. This gas mixture is also referred to as pyrolysis gas or producer gas. 

The technology of fast pyrolysis is more common in larger industrial scale.  

Slow pyrolysis technology produces a cleaner pyrolysis gas compared to the fast pyrolysis, but 

in a smaller quantity and with similar volume and operation time. During the slow heating 

process, the carbon in the biomass will remain solid, forming so called char. The pyrolysis gas 

has an energy value of around 2500 kJ/m3 (FAO Forestry Department, 1986). The pyrolysis 

process is an endothermic process, which means that the process requires energy in order to 
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proceed. It is most common to combust some of the pyrolysis/gasification material to obtain 

enough heat to maintain the slow pyrolysis process.  

3.2 Potential energy from biomass 
The amount of energy that can be subtracted from biomass by combustion varies between 

different types of biomass. This variation depends on the fraction of elements building up the 

biomass. Elements like carbon [C], Hydrogen [H] and Sulphurous [S] releases energy when 

reacting with Oxygen, this reaction is called an exothermic reaction. Nitrogen [N] also reacts 

with Oxygen, in temperatures above 600˚C, to build Nitrogen Oxides [NOx] (Zevenhove & 

Kilpinen, 2002). These reactions require energy and are therefore endothermic reactions. While 

elements like Sodium [Na], Potassium [K], Magnesium [Mg] and Silicon [Si] are not reacting 

with Oxygen, these elements are called ash elements. The ash is heated during the combustion 

and takes therefore energy from the process. If the ash reaches high enough temperatures, the 

ash can start to agglomerate (sticking together) or even melt. This causes major problems in 

larger systems such as gasifying units and boilers (Kovács, 2003). The elements mentioned 

above represent the majority of consistence in different types of biomass. By making an 

approximate analyse of the biomass, measuring the fractions of char, volatiles, ash and moist, 

one could make a reasonable prediction of the behaviour when the biomass is exposed to heat 

or even combusted. If an ultimate analyse is done, where the fraction of all elements are 

measured, a better prediction can be made when the biomass is heated. These types of analysis 

are visualized in Figure 5.  

 

 

 

 

The relation between elements giving an exothermic/endothermic reaction and ash elements 

affects the amount of energy that can be utilized. Another important factor is the moisture 

content in the biomass. When the biomass is combusted the water will take energy to form 

Figure 6.  Illustration of proximate fuel analysis (left)  and ultimate fuel 

analysis (right). 
Source: Lecture notes by Marcus Broström, Umeå University  
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water vapour. In order to utilize this energy the water vapour has to be condensed. In this study 

none of the pyrolysis techniques are utilizing the energy by condensing the water vapour. This 

decreases the amount of energy that can be utilized from the biomass. The energy value can be 

measured using a bomb calorific meter. 

The efficiency [𝜂] of an energy processes is calculated by the utilized energy divided by the 

energy input to the process. When combusting biomass the energy input is calculated by the 

amount of biomass, times the heating value, also referred as the energy density of the biomass, 

which can be seen in equation 1.  

  𝜂 =  
𝐸𝑂𝑢𝑡

𝐸𝐼𝑛
=  

𝐸𝑂𝑢𝑡

𝑚𝑎𝑠𝑠 ∙ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
  (1) 

The output energy, EOut, depends on how much of the energy is utilized. In the following, some 

of the small scale pyrolysis/gasification technologies will be described in more detail.  

 

3.3 Small scale pyrolysis/gasification technologies 
When producing charcoal, the wood is slowly heated to release the volatile matter and remain 

with the solid char. During the processes up to 90% of the energy is lost in form of volatile 

matter, pyrolysis gas (Adams, 2009).  

There are several types of charcoal kilns. The most common kiln is the traditional earth mound 

kiln, which is simply made by digging a hole in the ground, filling the hole with wood logs and 

covering it with mud. A small air inlet is left, big enough for the “fire” to keep alive but small 

enough to prevent the biomass to be fully combusted. This type of charcoal kiln is the least 

efficient due to the lack of oxygen control into the kiln, the air inlet is usually too big resulting 

in an unnecessarily combustion of the biomass. The mud covering the kiln is containing a lot 

of moisture, which is cooling the process, thus more oxygen is needed to maintain a sufficient 

temperature. A better charcoal kiln is the brick kiln.  

The brick kiln is built up by bricks and allows a better control of the oxygen into the kiln. 

Another advantage with the brick kiln is that it can be reused while the mound kiln is destroyed 

after the burning. Both of these kilns are operating without gas recovery, thus the energy in the 

pyrolysis gas is lost during the process (Cornelissen, 2012). This reduces the energy efficiency 

of the process and leads to emissions of methane, carbon monoxide and soot particles, which 

are all larger contributors to the greenhouse effect than carbon dioxide. The energy efficiency 

is estimated to 10-22%. In this case the energy efficiency can be written as equation 2. 

  𝜂 =  
𝐸𝑐ℎ𝑎𝑟

𝑚𝑎𝑠𝑠 ∙ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
   (2) 

Where Echar is the energy left in the charcoal. 

A better way of making charcoal is to use a retort kiln. The pyrolysis gases are combusted and 

re-fed to the pyrolysis zone exchanging the heat back to the pyrolysis material, in this case the 

biomass. Through this process the air into the pyrolysis zone can be reduced to zero, as a result 
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only the “waste” energy through the pyrolysis gas is used for heating the biomass. The 

efficiency of the retort kiln is estimated to 30-42%. The energy efficiency can be written as 

equation 3. 

  𝜂 =  
𝐸𝑐ℎ𝑎𝑟+𝐸𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑑

𝑚𝑎𝑠𝑠 ∙ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
   (3) 

Where Eexchanged is the exchanged energy from the combustion of the pyrolysis gases back to 

the biomass. This also reduces the emissions of carbon monoxide and methane by up to 75% 

compared to a traditional mound kiln. (Adams, 2009) 

A Wood gas stove uses the slow pyrolysis technique to burn the cooking fuel. These stoves can 

be divided into two zones, one pyrolysis zone and one combustion zone. In the pyrolysis zone 

a small fraction of air is introduced to produce heat. The volatiles are released from the biomass 

and rises up to the combustion zone where extra air is added to combust the volatiles. Due to 

these two zones the combustion of the biomass becomes controlled. The emissions of harmful 

gases and particles from cooking systems such as the “three stone system” can be reduced by 

up to 90% with a wood gas stove (Cornelissen, 2012). Another advantage directly linked to the 

more controlled combustion is the increased energy efficiency. The energy efficiency can be 

written as equation 4. 

  𝜂 =  
𝐸𝑐ℎ𝑎𝑟+𝐸𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑑+𝐸𝐶𝑜𝑜𝑘𝑖𝑛𝑔

𝑚𝑎𝑠𝑠 ∙ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
  (4) 

This efficiency depends on the cooking i.e. how effective the pots are in transferring the heat 

from the fire to the food, and therefore it is hard to give an exact efficiency. In this system the 

pyrolysis gases are used as fuel while the charcoal becomes a residue. This charcoal can be used 

as biochar, which later will be described.  

Peko Pe Stove 

One example of a wood gas stove is the Peko Pe Stove. This stove comes in two sizes, including 

three litres or six litres. The three litre stove demands a high dense fuel to burn for a longer time 

while the six litre stove can use a less dense fuel and is easy to operate. The biochar produced 

from these stoves is estimated to 25 % of the original mass added in to the stove. The biochar 

is composed mainly of pure carbon (up to 90%), while the rest (10%) are ash elements and un-

gasified biomass. The materials used when making this stove is stainless steel with the purpose 

to prevent corrosion. The estimated lifetime is more than ten years. Depending on material used 

and quality, the price of the stove will vary between US$10 -57. It is estimated that the biochar 

produced from one household in one year can cover about one fifth of a hectare. (Hoel & Fermo, 

2012) 
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The environmental effects from improved cooking stoves  

About 80% of the energy used in the household sector is today in form of biomass. This biomass 

is either firewood, charcoal or residues/dung, which ever used the combustion is quite poor 

(especially for charcoal produced in an earth mound kiln) and causes a release of greenhouse 

gases. If the stoves combusts the crop residues, that are already being burned, huge forest 

reserves areas could be saved and at the same time a reduction of greenhouse gases can be 

achieved due to the greater efficiency of the stove compared to the “three stone system”. This 

would decrease the negative effects applied by today's rapid deforestation. A pyrolysis stove, 

where charcoal becomes a residue, could even be carbon negative if the charcoal is introduced 

to the soil. 

3.4 Gasifying unit 
A gasifier can be used to convert energy from solid material into liquid or gas. There are several 

types of gasifiers giving different quality of the end product this affects both the cost and the 

efficiency of the gasifier. There is one type of gasifier that is of special interest for this study, 

i.e. the so called Imbert downdraught gasifier, that produces a relative clean gas, tar free, but is 

still quite cheap. This gas can later be injected into an internal combustion engine such as a 

petrol or diesel engine. (FAO Forestry Department, 1986) 

Imbert Downdraft Gasifier 

The name “downdraft” comes from the way the producer gas travel through the gasifier. The 

gas exits through the bottom of the gasifying unit. The fuel into the gasifier is feed in from the 

top. The air inlet to the gasifier is placed in the lower middle, called the hearth zone. The 

temperature in this zone reaches up to 1500˚C. The heat produced from the hearth zone travels 

up to the distillation zone, also referred as the pyrolysis zone, where the biomass releases its 

volatile matter, like tars. The volatile matter has to pass a glowing bed of charcoal in the hearth 

zone, the heat will crack the chemical bounds in the volatile matter to its basic components like 

CH4, CO and H2. Through the cracking process the gas will be relatively clean from tars and 

other volatile components that has potential to harm the engine. 

When demonstrating the Peko Pe stove at the parking lot outside the SCC office, three 

women came to see the stove. Then one of them asked where the smoke went. When they got 

the answer that the stove produces its heat from combusting the smoke, they looked a bit 

confused. They explained that the smoke, for them, was something in the wood that just could 

not be combusted. 
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The size of the distillation zone depends on the temperature, when the temperature drops down 

to about 200˚C the pyrolysis stops and the drying zone starts. If the drying zone is well designed 

a large amount of the moist from the biomass can be extracted. The water vapour reaching the 

hearth zone is cooling the glowing bed of charcoal and increases the risk of tars in the producer 

gas. The moist is also decreasing the efficiency of the gasifier since the energy added to increase 

the temperature in the vapour won't be utilized and will decrease the temperature in the 

reduction zone. The reduction zone lies underneath the heart zone. In this zone the biomass has 

been reduced to only contain carbon and ash elements. The most important reactions take place 

in the reduction zone, which can be seen in table 1. 

Table 1. Most important reactions occurring in the reduction zone of the gasifier. (Energy values 

calculated from table in Atkins Chemical Physics) 

             Reaction kJ/mol 

𝑪(𝒔) +  𝑪𝑶𝟐(𝒈) → 𝟐𝑪𝑶(𝒈) +172,45 

𝑪(𝒔) +  𝑯𝟐𝑶(𝒈) → 𝑪𝑶(𝒈) + 𝑯𝟐(𝒈) +131,21 

𝑪𝑶𝟐(𝒈) + 𝑯𝟐(𝒈) → 𝑪𝑶(𝒈) +  𝑯𝟐𝑶(𝒈) +41,16 

𝑪(𝒔) + 𝟐𝑯𝟐(𝒈) → 𝑪𝑯𝟒(𝒈) +74,81 

 

In the reduction zone thermal energy is converted to chemical bounds. These reactions are 

equilibrium reactions, which means that the reactions, in table 1, take place in both directions. 

Figure 7.  Principal skis of a Imbert downdraft gasifier with the four conversion 

zones highlighted. 
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When the temperature is increased in the reduction zone the probability of the reactions, in table 

1, going from left to right increases, thus more thermal energy can be converted and stored as 

chemical bounds. One way to increase the temperature in the hearth and reduction zone is to 

preheat the air into the system. A 10 % increase of power output from the engine can be 

expected if the air into the heart zone is increased by 400˚C. This temperature rise could be 

achieved by heat exchanging the inlet air, either with the producer gas exiting the gasifier or 

the exhaust gases from the engine (Mikkonen, 2012). 

The charcoal is held in the reduction zone with the help of a grate. In this type of gasifier most 

of the carbon is converted to carbon monoxide and methane, only a small fraction falls down 

with the ash and has to be removed from the gasifier manually. If the biomass has high ash 

content and the temperature in the reduction zone is very high, the ash could melt (agglomerate) 

and create malfunction in the reactor. The temperature point where agglomeration takes place 

depends on the ash composition and concentration (Kovács, 2003). The best way of avoiding 

agglomeration is to use fuel with low ash content (less than 6%) (FAO Forestry Department, 

1986).  

Gas cleaning and cooling 

When the gases leaves the gasifier soot particles will follow the gases. These soot particles 

should be removed in order to maintain a trouble free operation of the engine. The amount of 

soot in the gases varies with the type of fuel and the gas velocity out from the gasifier. Tests 

have been made on a “normal” Imbert gasifier1 with wood blocks of the dimensions 4 x 4 x 4 

cm showing that the soot concentration in the gases were about 0,5 - 5 mg/m3. During the 

Second World War the development of different types of particle filters were constructed using 

glass wool, sisal fibre or wood chips soaked in oil. A soot concentration of 50 mg/m3 is 

acceptable but a concentration of less than 5 mg/m3 is preferred. The most effective filter is a 

cyclone in combination with a glass fibre filter that can stand high temperatures (300˚C). The 

cyclone works like a centrifuge separating the larger particles from the gases. A well-designed 

cyclone can separate up to 60 - 70 % of the soot particles. It will also work as a gas cooler to 

prevent temperature peaks and glowing soot particles to reach the glass fibre filter. It is 

important to keep the temperature in the glass fibre filter above the dew-point of the producer 

gas. The dew-point of the producer gas is expected at 70˚C. If the temperature drops below this 

point water will start to build up in the filter reducing the permeability through the glass fibre 

cloth. This will induce a large pressure drop and decrease the power output from the engine. A 

combined filter with a well-designed cyclone and a glass fibre filter can give service intervals 

between 100-150 operating hours. The service needed is to clean the glass fibre cloth and empty 

the container connected to the cyclone. 

The gas cooling is an important step. Through this step the water vapour is condensed and 

removed from the gas, which leaves more space for combustible gases to enter the engine. 

Another advantage is that the density of the gas increases with decreasing temperature, more 

                                                 
1 There were three sizes tested in the FAO report. The middle sized gasifier is here referred as “Normal”. 
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molecules will fit with in the same volume. For each ten present in temperature reduction a two 

per cent increase in power output can be obtained. (FAO Forestry Department, 1986) 

Engine 

The heating value of the producer gas at 20˚C is about 2500 kJ/m3, this is quite low comparing 

to the energy value for petrol that lies around 3800 kJ/m3. This is almost a 35 % difference and 

will automatically induce a reduction of power output from the engine by the same percentage. 

Also the pressure drop from the gasifying unit and the cleaning and cooling system will also 

reduce the power output. There are several ways of dealing with this power reduction, this is 

although mainly a problem when using a gasifier for mobile use, in cars or trucks, when there 

will be a need for a maximum power output from the engine. This study is focusing on small-

scale electricity production and therefore the possible improvements of the engine will not be 

considered, since a large enough engine can be found for a cheaper price than reconstructing 

the engine. What has to be done for all engines using producer gas is to advance the ignition 

timing to about 35˚ - 40˚ before top dead centre. This has to be done because of the slower 

burning speed of producer gas compare to petrol. (FAO Forestry Department, 1986) 

An engine connected to a small scale stationary gasifier for electricity production should rather 

be dimensioned so that it never reaches its maximum power output, after the calculated power 

reduction of about 40%, due to the conversion to producer gas. A normal maximum power 

output range for petrol engines lays around 22,5 - 89,5 kW (30-120 hp) which corresponds to 

about 13,5 - 53,5 kW after the conversion to producer gas.  

The emissions from an engine running on producer gas becomes very clean compared to the 

same engine running on petrol. Studies has confirmed that the emissions of CO and 

hydrocarbons [HC] can be as low as 0,15 - 0,30 % respectively 15 - 30 ppm compared to the 

allowed emissions of 4,5% of CO and respectively 1000 ppm according to the Finnish ministry 

of transport. (Mikkonen, 2012) 

Environmental effects using a gasifying unit for electricity production 

The gasifying unit will contribute to production of carbon dioxide while running, and methane 

and carbon monoxide emissions during start up. The important effect is the difference between 

the former energy source, for instance a diesel/petrol generator, and the gasifying unit. For 

example if the gasifier uses biomass that would already have been burnt, such as cotton sticks 

or tobacco stems, and the former energy source was fossil fuel, the environmental effect of the 

gasifying unit would reduce the amount of carbon dioxide from fossil fuel. While if the gasifier 

would use maize stems that could have been mulched and the gasifying unit is built to supply a 

new industry with electricity the environmental effect would be increased carbon dioxide into 

the atmosphere, or if the industry would be supplied with electricity from hydropower and 

converted to a generator using producer gas.  

Economic aspects of installing a gasifier 

Today most small-scale industries import raw material from the farm and electricity from either 

the grid or a generator propelled by fossil fuel. After processing the raw material the factory 

export its product and remains with a biomass residue. This is illustrated in the figure 8. 
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Figure 8. A Schematic of the factory process without a gasifier installed 

The residue is, most commonly, hard to handle and becomes a burden for the factory. When 

installing a gasifier the residue can be further processed through a pellet machine and used in a 

gasifier to produce electricity for the factory’s machines. Figure 9 shows a schematic over the 

potential factory process with a pellet machine and a gasifier installed.  

 

Figure 9. A Schematic of the potential factory process with a gasifier installed 

As can be seen from figure 9 both pellets and excess electricity can be exported as additional 

products. Biochar is the only rest product, which is given back to the farmers and creates a 

closed system.  

In order for the gasifier to pay of, the price for the produced energy has to become lower than 

the current energy price. The energy cost is calculated by the annual cost (instalment, 

maintenance, salary and fuel cost) divided by the annual electricity production, this is visualized 

in figure 10. The profit is calculated by taking the difference between the imported energy price 

and the self-produced energy price multiplied by the annual energy consumption. 
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Figure 10. Illustration how to calculate the cost of electricity production through installing a gasifying unit to a small-

scale factory. 

The investment cost is estimated to be proportional to the installed effect, this implies that the 

factory requires a certain operation time before the investment cost is paid back. The annual 

capital cost for the gasifying unit is calculated by the annuity method, this method is used when 

the investment is being paid off throughout its lifetime and the interest rate stays constant 

through all years. The principal is that the total interest and amortization throughout the lifetime 

is split into equal parts. This is calculated with the annuity formula, equation 5. 

   𝐾𝑎 = 𝐾𝐼 ∙ 𝑎   (5) 

Where Ka is the annual capital cost, Ki is the investment cost and a is the annuity factor 

calculated as equation 6.  

   𝑎 =  
𝑟∙𝑞𝑛

𝑞𝑛−1
   (6) 

Where r is the interest rate, n is the pay of time in years and q is one plus the interest rate as 

shown in equation 7. 

   𝑞 = 1 + 𝑟   (7) 

Using this method one can compare different types of systems having varied lifetimes and 

investment costs. Although, this gives an average cost of the interest rate, while the interest will 

be larger the first year compare to the upcoming years. This procedure will give a first indication 

of the economic aspects related to this kind of investment and change in process structure.  

3.4 Pre treatment of biomass 
Some of these technologies require a certain quality of the fuel. Both the gasifying unit and the 

stove demands a high dense fuel within a limited size. The cotton sticks and tobacco stems 

could be chopped in 3-4 cm long pieces, while the rice husk is too bulky. The increase of density 

could be achieved by making pellets of the biomass. The sunflower cake is already compressed 

into a flat cake shape. The density for the sunflower cake is high enough to be used in the stove 

and the gasifying unit, the sunflower cake is although very porous and needs to be handled with 
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care in order to maintain a reasonable size. When making pellets the moisture content in the 

biomass should not exceed 15 % (Kofman, 2007). The storage of the biomass should keep the 

biomass as dry as possible. As mentioned above, the higher moisture content the less energy 

can be utilized from the biomass.  

3.5 Biochar 
Biochar is a charcoal product obtained when biomass (preferable organic waste) is heated 

without access to oxygen (pyrolysis). Biochar is stable for thousands of years in the soils, thus 

carbon is actively removed from a carbon cycle. Biochar is rich in alkaline components (Ca, 

Mg, K), which may contribute to neutralization of soil acidity. There are several benefits with 

adding biochar into the soil. The most important benefits are, improved water holding capacity 

(WHC) and Cation Exchange Capacity (CEC), increase in pH level and soil carbon. Biochar is 

not a fertilizer in itself, however the nutrient holding capacity of the biochar prevents nutrients 

from leaching down through the soil. In this way the use of synthetic fertiliser can be reduced. 

This is due to the improved CEC. If the CEC is to low (0-10 meq/100g) 2 the nutrient holding 

capacity is very low and leaching of nutrients will be very high. A normal range lies between 

15-40 meq/100g. At this CEC levels the nutrients will be available for the plants. If the CEC 

levels reaches above 40 meq/100g the bounding between the cations and the nutrients will be 

too strong, thus the nutrients will not be available for the plants. (Yara, 2011). 

The improved water holding capacity helps sandy soils keep the moisture resulting in 

availability of water to the plants for a longer time, this increases the time of which water is 

available to the plants. For clay soils, biochar tend to decrease water holding capacity leading 

to a draining effect and make water available for the plants. Therefore, farmers can use their 

organic materials to increase their crop yields and at the same time they can sequester carbon 

(Cornelissen, 2012).  

Another factor that affects the nutrient holding capacity is the pH level of the soil. The pH levels 

of the soil ranges from 3.5 to 10 for most of the soils. pH levels between 6.5 to 7.5 is referred 

as neutral. A pH level below 6.5 is considered as acidic and lower than 5.5 is strongly acidic. 

The soil pH affects the amount of nutrients that can be solved in to the soil water mixture, thus 

the nutrient holding capacity is affected by the acidity of the soil. (Moody, 2006) 

The best biochar source is organic waste that is usually burnt by farmers and thereby generating 

CO2. This implies that to make a significant difference, which is environmentally friendly, and 

no forest should be cut to generate biochar. Biochar is encouraged to be produced by the 

neglected organic waste and thereby putting them into their optimum use. (Cornelissen, 2012) 

Conservation Farming Unit implemented a project on “Biochar in Conservation Farming in 

Zambia” with the aim of investigating the potential of organic waste biochar to sequester carbon 

and improve the quality of weathered and/or acidic soils in Zambia. Field trials were set with 

19 farmers in Mongu, Mkushi and Kaoma, as well as a block trial at the University of Zambia 

farm. Some of the results indicated that biochar was observed to be a strong fertility booster in 

poor, acidic aelian sandy soils especially in Kaoma. Even at the low application rate of 2 tons/ha 

                                                 
2meq stands for milli equivalents, this gives a concentration of cations in the soil. 
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a significant improvement in yield was observed (yield 165%+74% of control yield). At the 

high application rate (6 tons/ha) the effect was strong (tripling of yield compared to control). In 

this project biochar was produced using low technological solutions appropriate for resource 

poor farmers. Three types of kilns were used, which are: Traditional earth mound or brick kiln; 

Micro gasifier cooking stove; and Retort kiln (Cornelissen, 2012).  

4 Method 
The present MSc work are focused on the four districts where AICC and SCC already are 

operating. These are; Nkhotakota, Machinga (for AICC), Salima and Mangochi (for SCC). 

These districts can be seen in Annex I. Primary data regarding utilization of crop residues for 

energy and improved production was mainly captured through stakeholder consultations and 

Focus Group Discussions (FGD) with farmers. Stakeholders that were consulted include 

District Agricultural Development Officers (DADOs), District Forestry Officers (DFOs), 

Agricultural Extension Development Coordinators (AEDCs), Agricultural Extension 

Development Officers (AEDOs), AICC-MAP Staff, MLBP Staff and also Smallholder farmers. 

A total of 6 FGDs had an average of 15 members, which mainly comprised of the farmer group 

leaders and representatives of members. It was ensured that women were well represented since 

most of the issues concern them and also to ably capture gender aspects. The topics discussed 

during the FGDs can be seen in Annex II.  

The research of pyrolysis technologies was made as a literature study and a Peko Pe stove was 

bought and tested with local crop residues. 

Crop residues from rice, cotton and sunflower were collected and the energy values were 

measured for each residue.  
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5 Results 
The results from the fieldwork and literature study are summarised below. The economic 

calculations by installing a gasifier, at a rice mill located in the district of Machinga, showed 

that it not only will payoff but also be able to produce excess energy for the nearby 

community. 

5.1 Uses of crop residues 
From the FGDs the study found that crop residues are mainly being used for the following 

reasons: 

 Used as a soil cover in the field (mulching), especially for those practicing Conservation 

Agriculture (CA). This applies to residues from crops like maize, rice, groundnuts etc 

 Incorporated in the soil to degrade and improve soil fertility (mulching).   

 Burnt3 – this is done to clear the field and also burn pests like nematodes in Tobacco. 

Burning can be done for all crops. Other crops are burnt to produce ash, which is used 

as a pesticide for weevils, and is applied in maize grains. Other farmers just burn the 

residues because of tradition. When hunting for mice, people also burn their fields.  

 Used as feed for livestock e.g. maize stalks, groundnut stems, sweet potato leaves, 

cassava leaves etc. 

 Cassava stems are used as firewood4.  

 Building materials for simple household and farm structures e.g. granaries.  

 Ingredients for making composite manure.  

Currently crop residues especially maize, are mostly used as a soil cover (mulching) in 

conservation agriculture practices. This is largely promoted by the government, NGOs and 

development partners. Promotion of livestock production has also created demand for crop 

residues, which are used as fodder and also litter in animal kraals.  A lot of buildings in the 

villages also utilize crop residues as materials. In crops like tobacco and cotton, crop residues 

are burnt to kill and break the cycle of pests like nematodes and prevent pests’ attacks in the 

following season.  

5.2 Information from stakeholder consolations 
As far as farming practices are concerned, farmers mostly practice growing their crops in ridges. 

Most crop residues are burnt and not utilized for anything. For example, cotton, tobacco and 

sunflower. This is done to break the cycle of pests or just to clear the land. Recently the 

government, development partners and NGOs have been promoting minimum tillage (included 

in the principal of conservation agriculture).  This has a direct effect on utilization of crop 

residues.  On crops like rice, most of the rice husk is wasted because alternative uses are not 

known. 

Stakeholders also indicated that the primary source of energy for cooking was found to be 

firewood, which is mostly sourced from the nearest forest reserves.  It was reported that the 

                                                 
3 The study found out that burning is common in most areas. Besides tobacco growing areas where burning is done to break the life cycle of 
nematodes, most farmers burn just to clear the land. In other areas, like Nkhotakota, there is the perception that ash improves soil fertility 

therefore burning becomes necessary.  
4 In Nkhotakota, where cassava is largely grown, cassava stalks are widely used as firewood, commonly known as ‘zipolokoto.’ 
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pressure on forest reserves has increased recently with the growing population, which has 

increased number of users in the reserves. This has a direct impact on the environment since 

forest reserves are key in preserving the environment.   

On availability of crop residues, stakeholders indicated that residues of maize are utilized for 

different purposes like mulching, feed for livestock among others. Residues for crops like 

cotton, tobacco and sunflower are mostly not utilized and most commonly burnt. It was further 

reported that the promotion of conservation agriculture especially in maize has increased 

demand for biomass residues thereby making it difficult to be used to generate energy for 

cooking.   

5.3 Energy values for cotton rice husk and sunflower cake 
Samples of cotton, rice husks and sunflower cake were collected and the energy values were 

measured. The results are presented in table 2 below: 

Table 2. Table shows the measured energy values for the selected crops 

Energy Values [MJ/kg] 

  Sunflower 
cake 

Rice husk Cotton 

Test1 20,72 13,54 17,72 

Test2 20,97 13,46 17,76 

Test3 21,22 13,67 17,61 

Test4 21,04 13,58 17,57 

Mean (2σ) 21,0 (±0,2) 13,5 (±0,1) 17,6 (±0,1) 

 

At the bottom of the table the mean value of the four tests for each crop is shown. The value 

inside the brackets shows the double standard deviation, σ, which gives a 95% probability that 

the energy value of a random sample lays within this interval. This value is although highly 

affected by the moist content and will therefore have larger variations than 0.2 MJ/kg. As can 

be seen in the table rice husk has a lower energy value than cotton stalks and sunflower cake. 

This is partly explained by the high ash content in the rice husk. Through the measurements, 

the ash content in rice husk was estimated to about 10% of the total weight. 

 

5.4 Potential small scale industries 
During the field days two small-scale factories, able to profit by installing a gasifier, were 

identified. The economig calculations are shown for the rice mill located at the district of 

Machinga. 

Talimbika sunflower oil factory in Salima 

The factory is situated in Salima district and is currently supported by SCC, under the Malawi 

Lake basin Programe (MLBP). It has a membership of 27 out of which 17 are women. The 

factory presses oil from groundnuts and sunflower. The machine has the capacity of producing 

800 – 1000 litres of oil per day (8 hour period). One litre of oil is presed from 3 kg of sunflower 

and when using groundnuts, a litre is produced from 5.7 kg. Currently, the cooperative is able 
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to press 200-300 litres of sunflower oil per day and between 100-200 litres if groundnuts are 

used.  

 

It was found that there is 21 MJ of energy in one kilo of sunflower cake. If the factory produces 

800 litres of oil the energy in the produced sunflower cake becomes 11 000 kWh/day. The 

energy consumed by the factory in the same day is 60 kWh. The factory produces about 183 

times more energy, in form of biomass, than the factory uses. This shows the potential energy 

that is in sunflower cake. Currently, the cake is packed in 50 kg bags and sold as livestock feed 

at MKW 45/kg. The demand of cake drops during the harvest time when the production is at its 

peak and the farmers have other alternatives as livestock feed, thus the sunflower cake becomes 

a storage problem. 

 Domasi ricemill in Machinga 

Domasi Rice Scheme is located in Machinga, south of Malawi with a gross hectarage of 500. 

The total farm families are 1556 out of which 800 are female. Rice is produced twice per year 

but large volumes are produced during the rainy season. Rice varieties produced are Kilombero, 

TCG10 and Pussa. The rice husk is separated from the rice grains through a 22 kW rice mill. 

The factory has a maximum capacity of 30 tons of paddy rice in one eight hour day. From this 

process about 15 % of the paddy rice weight consists of rice husk, this can be seen in figure 9. 

The rice husk is very hard to handle today due to its low density and is difficult to burn. The 

rice husk has a very high ash content, about 10 % of the dry weight.  

 

Figure 9. Picture showing the rice husk piled up behind the Domasi rice mill 

During an interview with the chairman of the Talimbika sunflower oil factory Mr. Banda, he said 

that the power cuts prevented them from working. Mr. Banda estimated that the average time lost 

due to the power cuts were about 3 hours each day. 
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One kilogram of rice husks contains approximately of 13.5 MJ of energy, which translates to a 

daily energy production of about 16.8 MWh in form of biomass. The daily energy consumed is 

176 kWh, which is about one percent of the energy produced in form of rice husk from the 

factory.  

Economic aspect of the Machinga site 

The rice mill runs for 270 days per year at 70% of the maximum capacity. The economy for 

the gasifying unit suitable for the Domasi rice mill in Machinga followed the same structure 

as the economic calculations made by the Shapire sawmill in Paraguay (See Annex IV).  

A gasifying unit should be dimensioned to at least 45 kW. In order to provide the gasifying unit 

with rice husk a pelleting unit needs to be installed. A pellet machine with the size of 15 kW 

has a capacity of 400 - 600 kg/hour, which lies within the same interval the rice mill produces 

rice husk per hour (at maximum production). The investment cost for the pellet machine is 

estimated to US$ 5000. The annual maintenance cost is estimated to 20 % of the investment 

cost. It will take one employee to run the pellet machine with an estimated annual salary of US$ 

1000. If the expected lifetime is seven years and an interest rate of 10 %, the annual capital cost 

is calculated to about US$ 1000. This gives a total annual cost of US$ 3000. The energy 

produced, in form of pellets, is about 3190 MWh per year. This gives a fuel cost of 0,0013 US$ 

per kWh or 0,4 MKW per kWh. This is a quite low price compared to charcoal (2-2,6 

MKW/kWh) or electricity (30 MKW/kWh). Table 3 summarizes the specifications for the pellet 

machine. 

Table 3. Table shows the specifications for a pellet machine suitable for the Domasi rice mill 

Economy for a Pellet machine suitable for the rice mill 

Effect 15 kW 

Capacity 400-600 kg/hour 

Investment cost US$ 5000 

Annual capital cost US$ 1000 /year 

Maintenance US$ 1000 /year 

Salary US$ 1000 /year 

Total annual cost US$ 3000 

Annual energy produced from pellets 4480 MWh/year 

Energy price per kWh in pellets 0,001 US$/kWh 

 

The gasifying unit with a capacity of 45 kW has an estimated investment cost of US$ 9000 or 

US$ 200 per installed kW. The annual maintenance cost is about US$ 1170 and an annual salary 

for one half worker of US$ 500. The annual capital cost becomes US 1850 with a lifetime 

expectancy of seven years and an interest rate of 10 %. The fuel annual cost of pellets is about 

US$ 420. The total annual cost becomes US$ 3940. The annual energy produced from the 
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gasifying unit to supply the rice mill is about 41,6 MWh. The energy cost per kWh is US$ 0,09 

or about 29 MKW/kWh. Table 4 summarizes the specifications for the gasifying unit. 
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Table 4. Table shows the specifications of the gasifier dimensioned for the Domasi rice mill 

Economy for the gasifying unit 

running the rice mill 

Capacity/Effect 45 kW 

Investment cost US$ 9000 

Annual capital cost US$ 1850/year 

Maintenance cost US$ 1170/year 

Salary US$ 500/year 

Fuel cost US$ 420/year 

Total annual cost US$ 3940/year 

Energy produced 41,6 MWh/year 

Energy cost per kWh 0,09 US$/kWh 

 

The current electricity price is about 30 MKW/kWh, which is quite close to the obtained price 

through installing a gasifying unit. This price is though only including the energy produced to 

provide the rice mill with electricity. The annual profit would be 64 000 MKW or US$ 209. If 

the energy needed to make pellets is included the price would drop down to 18 MKW/kWh and 

the annual profit would rise to 564 000 MKW or US$ 1842. Another benefit to the factory is 

that they can refine their residue to something more comprehensible and sell it to a competing 

price towards the charcoal. The total amount of pellets produced in one year would be 1215 

tons per year. If sold by 1-1,5 MKW/kg5 the annual profit would be between 730 000 - 1 820 

000 MKW or US$ 2380 - 5950. The total profit by installing a gasifying unit and a pellet 

machine would then be between US$ 2600 - 6150 per year. 

6 Discussion 
The practice of burning of crop residues is widely spread throughout Malawi. From the FGDs 

we can draw the conclusion that it is the most common practice. However when developing 

project proposals within this field it will be important to take into consideration other uses for 

crop residues. Through the stakeholder consultancies we got the information that there are 

several projects working on conservation agriculture. Although some crops has to be burnt such 

as tobacco and cotton to break the pest cycle. Rice husk and sunflower cake becomes a burden 

to the small-scale factories due to its bulky dencity, and can be further processed to pellets.  

The wood gas stove replicates the wood saving stoves, currently promoted by various players 

in the energy and natural resource conservation sector. It adds value in that it’s not primarily 

meant to efficiently use the firewood, but aims to promote use of residues from crops like 

cotton, sorghum, sunflower, pigeon peas, tobacco and rice. Furthermore, it aims to promote 

                                                 
5 The energy price for the pellets lays between 0,02-0,03 MKW/kWh, compared to charcoal that has an 

estimated cost of 0,16-0,2 MKW/kWh. Depending on if the charcoal is sold in a rural or urban area. 
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production of biochar, which will be utilized to improve the soil fertility and work as carbon 

sequester.  

 

The wood gas stove was tested and turned out to be easy to manage. There are although several 

challenges with implementation.  

The wood gas stove becomes less convenient due to the batch wise filling. There is no direct 

solution to this challenge when it comes to the stove design. The larger the stove the more fuel 

can be applied in each batch. This comes although with the cost of size. The six-liter Peko Pe 

stove has a good size, it is not to small to give an unreasonable cooking time and not to large to 

become hard to handle. The price of the stove combined with the demands of fuel quality is the 

biggest challenge. The stove should be designed in a local material, such as clay, in order to 

make it cheap.  

The fuel for the wood gas stoves has to be collected and stored for a longer time. The fuel has 

to be processed in some way, i.e. -cotton sticks have to be chopped into pieces. This results in 

extra work and need of storage. If the current fuel supply is far from the house the processing 

of the biomass might contribute to less work. If the wood gas stove would be established and 

a fuel market created, a small wood-chipper could be used to chip large amounts of cotton 

sticks in to reasonable size. Although the best fuel for the wood gas stoves is pellets due to the 

high (volumetric) energy density. If the pellets could be produced by a small-scale industry 

using the pellets as a fuel to a gasifier for electricity production then the excesses pellets could 

be sold to a lower price than charcoal and fuel wood, especially in urban areas. This will 

potentiate the payoff through investing in a wood gas stove.  

The expected outcomes are:  

 Improved health due to cleaner cooking.  

 Reduced pressure on forest reserves due to utilization of crop residues to generate 

energy for cooking.   

 Improved soil condition-especially water holding capacity. 

 Improved crop production. 

 

When introducing gasifiers for electricity production, it is important to identify engaged leaders 

from the industry side. They are a key factor to ensure that the equipment is continues 

maintained and utilized to its full potential. As for all mechanical equipment, the gasifying unit 

will degrade as it is being used. It is therefore important that the gasifying unit is built as simple 

and robust as possible to make it easily maintained.  

There were two small-scale industries identified suitable for installment of a gasifying unit. The 

rice mill in Machinga has a well-developed organization with a lot of rice husk as a residue, 

which is not utilized today. It was calculated that the daily energy used is only 176 kWh, which 
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is about 1% of the energy produced in form of rice husk from the factory. This shows that there 

is a huge potential energy in the rice husks that is today not utilized 

The sunflower oil factory in Salima, promoted by SCC, obtains sunflower cake as a residue. 

This residue is partly sold as animal feed but this market is low after rainy season due to other 

sources of animal feed. This residue then becomes a major storage problem. It was calculated 

that Talimbika oil factory produces 183 times more energy in form of biomass than the factory 

uses. 

A common problem for both factories is the lack of reliable energy throughout the day. The 

power cuts has prevented them to maintain continues production. If a gasifying unit is installed 

the electricity production will be their own responsibility and, if proper maintained, more 

reliable. For the local communities around the factories it also has potential to create additional 

job opportunities, in areas where the unemployment rate is very high (More than 60%). 

The economical aspect is the most crucial when it comes to these types of investments. The 

best source of fuel for this type of gasifying unit is pellets produced by the industry residues. 

The factory should produce its own pellets through a pelleting machine. The economy for the 

system should there for include the investment of a pelleting machine. The calculated energy 

price should only include the energy in to the factory’s process machine and not include the 

electricity sold to the community and supplied to the pellet machine6. Because the payoff from 

the investment is only calculated by the energy consumed by the factory’s process machine, the 

excess pellets and electricity sold becomes a bonus income to the factory. Through this way, 

pellets become a refined residue, which can be sold as an alternative source of energy to fuel 

wood and charcoal. This will indirectly create a market for pellets as an alternative source of 

energy and promote the introduction of wood gas stoves. If the biochar, produced from the 

gasifying unit, is reintroduced in to the soil the carbon will be sequestered from the atmosphere, 

thus the factory will act as a carbon sink.  The expected outcomes are: 

 Efficient processing using renewable energy 

 Expansion of processing capacity business activity due to increased energy 

production and utilization 

 Increase in job opportunities 

 Creating an indirect market for pellets as an alternative source to fuel wood and 

charcoal 

 Biochar as a residue thus increased crop production. 

 Carbon sequester through reintroduction of biochar to the soil. 

 

 

The study in Zambia has proved that application of biochar in the planting holes sustainably 

increase crop production especially in sandy soils. In this case biochar is not produced in stoves 

but in bigger ovens. The main reason for the increase of crop production is that biochar improve 

                                                 
6 The red arrow in figures 8 and 9 shows the competing energy costs. If the energy cost in figure 9 is lower than 

in figure 8 the investment will pay off. 
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the water holding capacity of the soil. SCC, through MLBP, has at their Agro forestry 

demonstration farms in Salima and Mangochi started to establish adapted field trials based on 

the research findings from Zambia. The purpose is to expose the advantages with this practice 

to farmers and other stakeholders visiting the farm. The purpose is to create awareness among 

farmers and other stakeholder on the potential of this practise for improved crop production. 

AICC also implements demonstration fields in rice and cotton using the lead farmer approach. 

The expected outcomes are:  

 Improved soil condition -especially water holding capacity. 

 Improved crop production.  

 Carbon sequester 

7 Conclusion 
The study comes to the general conclusion that there is great potential for increased sustainable 

energy production through utilisation of crop residues in Malawi. This is also in line with the 

Malawi Government's recently developed energy policies and strategies (Malawi Biomass 

Energy Strategy, 2009).  

As the situation is today with the cheap cooking fuels it will be a great challenge of 

implementing the wood gas stove in the rural areas. There is greater potential of introducing 

the wood gas stove in the urban areas where fuel wood and charcoal is more expensive. The 

three major challenges regarding the implementation of the wood gas stove are:. 

 The stove demands a certain fuel quality 

 The stove is relative expensive 

 The stove is filled batch wise, which limits the cooking time 

 

Furthermore, there are some challenges to consider before introducing a gasifier for small-scale 

electricity production. Even though the gasifying technique has been well developed since the 

1940’s, there is no proper technique today that produces biochar as a residue. The gasifier 

demands a certain fuel quality, such as pellets or wood chips. This adds an extra initial- and 

labour cost to the investment. It is important that the gasifier is properly maintained to avoid 

accidents, such as fires. The factory has to be running for a certain time in order for the 

investment to payoff. This can be difficult to achieve if the industry is seasonally dependent. 

The four major challenges of introducing a gasifier are listed below: 

 No small-scale technique today that gives charcoal as a residue  

 Demands a pre-treated biomass 

 Increases the work labour in form of maintenance 

 The factory has to produce/consume a certain amount of energy 
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Biochar has proven to be highly effective as a soil improver. The challenge lays although in the 

production of biochar. It is much easier to burn the crops at the field than to collect and process 

the biomass to biochar. The farm practices have to be altered to ensure the optimum use of the 

biochar. The challenges are: 

 Increased labour through collection and processing 

 Altered farm practices 

 

At the same time, if the wood gas stove and the gasifying unit could be introduced it will create 

job opportunities and a growing local economy, which is very important for countries like 

Malawi. These effects are very hard to measure and take in to account. The economic 

calculations are always the key driving force when it comes to investments, especially for 

developing countries where focus is more on survival than on climate change. If sustainable 

energy sources could be reintroduced, job opportunities created and carbon could be 

sequestered from the atmosphere to a lower cost than the current energy sources, the local 

community could start to grow stronger with a energy source that wont be depleted and a 

counter act to climate change would be naturally created. 

8 Future directions and research needs 
In this initiative, stoves can be made from locally available materials to enhance affordability 

among the rural households. This also provides a business opportunity for entrepreneurs who 

can be involved in making the stoves and supplying to the communities. Therefore as long as 

demand is created, small business people will benefit as they promote the technology, as more 

biochar is produced and all this contributing to reduced pressure on natural resources and 

improved crop production.  

With the available model, which can be seen in figure 10, the initiative can explore ways of 

simplifying the concept to make it appropriate for rural communities. A pilot can then be 

implemented with selected farmers in at least 2 districts. Issues of technology appropriateness, 

adoption, user friendliness, potential for replication and growth, effects on reduction of pressure 

on forest reserves and contribution to improved soil conditions and increased crop production 

can be monitored.  
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Figure 10. Picture showing the Peko Pe stove in action 

There will be need to properly sensitize and carry out awareness activities on the importance of 

using the pyrolysis stoves. Use of available crop residues, which are mostly wasted, would 

enhance its adoption. In places where forest reserves are far away (which is the case in all the 

study areas), women would be quick to try the new technology. Awareness campaigns that 

demonstrate how to use the technology will also facilitate the technology transfer and adoption. 

Using the early adopters to further promote the technology will fasten the technology transfer 

process; therefore early adopter should be identified well in advance and well supported. Issues 

of clean energy, health and improved soil can help tighten the advantages. The following bullet 

summarizes future work regarding the wood gas stove: 

 Redesign the stove in local material 

 Identify high potential adopters 

 Initiate a pilot program with selected farmers 

 

A gasifying unit that is made from local material, robust and produces biochar as a residue, has 

to be developed and tested. This gasifier can firstly be installed at the Talimbika factory, to 

demonstrate how electricity can be generated from sustainable energy sources. The Talimbika 

cooperative is well functioning and has the potential to build up the needed capacity to operate 

and maintain a gasifier. Talimbika also has the possibility to sell excces power to the 

neighbouring activities, such as the adjacent office blocks and IT Center. Comprehensive 

capital investment appraisals need to be conducted to establish the initial cost, payback period 

and the cost-benefit ratios of the two sites. This will also help identify capacity gaps to be able 

to handle the investments. Potential partnerships will also be important to be identified. There 

will be need to have strong microfinance and market linkages to sustain the initiatives. Business 
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approach will be applied in this initiative to ensure that capital employed pays back and makes 

profit. The following bullet summarizes future work regarding the gasifier: 

 Design a gasifying unit that is robust, made from local material and produces biochar 

 An investment assessment has to be conducted for the Talibmika factory 

 Install the gasifier as a pilot in the Talimbika factory, to supply the factory and nearby 

office blocks and IT-Center with electricity 

 

A specific crop can be selected for trials and an oven can be designed for biochar production. 

This can be done better at community level as a pilot so that members can contribute to 

constructing an oven and mobilizing residues. However, demonstration plots will be mounted 

in several sites within the project areas. Field days will be conducted to appreciate the benefits 

of applying biochar in the soil. The following bullet summarizes future work regarding the 

biochar: 

 Design/identify a oven for biochar production 

 Initiate a demonstration plot utilizing biochar as soil improver 

 Conduct field days to exhibit the benefits of biochar 
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Annex I: Map of Malawi 

 

Source: http://d-maps.com/carte.php?lib=malawi_map&num_car=24760&lang=en 
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Annex II: Focus Group Discussion survey 

FEASIBILITY STUDY 

POSSIBILITIES FOR UTILIZATION OF PYROLYSIS TECHNOLOGIES FOR 

ENVIRONMENTALLY FRIENDLY ENERGY PRODUCTION IN COMBINATION WITH 

IMPROVED CROP PRODUCTION 

Focus Group Discussion Checklist 

 

A. IDENTIFYING INFORMATION 

1. Date of interview  

2. District  

3. Institution/Farmer Organisation  

4.  Name(s) of Respondent (s)  

 

B. GENERAL INFORMATION 

No. Variable Response Codes 

1 Which crops are grown in your area?   

2 List the top 5 crops (in order of importance)   

3 Indicate the average yield of the top 5 crops per acre   

 Are we going to find the samples of residues of the crops 
mentioned above 

 0. Yes 
1. No 

 Do you burn crop residues after harvesting?  0. Yes 
1. No 

 If Yes, give reasons   

 How do you utilize the residues of these crops (if different 
usage, you can indicate usage per crop) 

  

 What are the main sources of energy used for cooking in 
this area? 

  

 Apart from cooking what other things do you use the energy 
sources for? 

  

 How much of the energy sources [in Kg] (indicated above 
e.g. Charcoal or firewood) do you use say per month or 
year? 

  

 What effects do the sources indicated in (7) have on your 
livelihoods? E.g. deforestation, income, soil fertility  

  

 Are there projects promoting conservation agriculture in 
your area?  

 0. Yes 
1. No 

 If Yes, name them and the activities involved   

 Are there any projects promoting utilization of crop residues 
for generating renewable energy? 

 0. Yes 
1. No 
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 If Yes, who is promoting them and what are the activities 
involved? 

  

 What other potential activities can renewable energy be 
used in this area apart from cooking?  

  

 Do you think the soil condition of this area is improving or 
the same or degrading over time? 

 1.improving 
2. The same 
3. Degrading 

 If it is improving what measures were put in place to achieve 
this? If it is degrading, what are the reasons behind this? 

  

 

Note: 

 The questions in this checklist are not exhaustive. 

 Other questions might arise to probe more from the responses coming out, therefore be 

flexible to follow up with other questions, which are not included in this checklist. 

 It is advisable to have a good representation of females since some of these questions 

are directly linked to house chores. 

 Show the respondents the importance of this exercise to them at the beginning, during 

the discussions and also at the end so that they are assured that they are not just being 

used as sources of information. 

 Assure them that the results of this exercise will be given to them and ensure that THIS IS 

DONE! 

 Thank the respondents for taking part in this exercise, especially making time for this.  

 

 

 

 

-ALL THE BEST!- 
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Annex III: Literature on pyrolysis technologies 

Dominating farming practices and crops grown in the study areas  

There were different farming practices that were found to be common in the study areas and 

can be opportunities to incorporate pyrolysis technologies especially when they are meant to 

generate energy for cooking. Residues for other crops like maize, sweet potatoes, groundnuts 

are utilized in a number of ways and bringing in use in pyrolysis technologies will put in place 

competition for use. This analysis therefore has helped to guide the residues that are 

underutilized but common in the districts. Table 1 below shows main crops grown and some of 

the dominating farming practices (in light of utilization of crop residues).  

Table 1. Table shows the major crops grown and dominating farm practices in the study area 

District Crops Grown 
Some of the Dominating Farming 

Practices 

Nkhotakota 

Rice, Cassava, Maize, 

Ground nuts, Sweet 

Potatoes and Tobacco 

Conservation farming (especially on 

maize), burning residues, feeding residues 

to livestock, using cassava stems as fire 

wood, 

Salima 

Maize, Cotton, Tobacco, 

Groundnuts, Pegion Peas 

and Sun flower 

Conservation farming (especially on 

maize), burning residues, manure making, 

making soda out of ash, applying ash in dry 

maize to kill weevils. . 

Mangochi 

Cotton, Maize, Tobacco, 

Sunflower, Groundnuts and 

Sweet Potatoes 

Conservation farming (especially on 

maize), burning residues, composite 

manure making, sorghum stalks are used 

for cooking,. 

Machinga 

Maize, Rice, Cassava, 

Sweet Potatoes, Tobacco 

and Sorghum. 

Conservation farming (especially on 

maize), burning residues, rice stalks are 

applied in water melon gardens for 

creeping, composite manure making, sweet 

potato leaves are used as feed for livestock 

 

It was found that at least 1 or 2 of the crops under focus in this study are grown in the selected 

districts. This therefore means that crops under focus in Nkhotakota and Machinga, will be rice 

and tobacco, while in Salima and Mangochi, focus will be on tobacco, cotton and sunflower.  

From the uses outlined above, using crop residues to generate energy for cooking was found to 

be common in the study. This is in line with the study hypothesis where by the potential of 

utilizing energy in the crop residues would like to be promoted.  
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Annex IV: Example of a gasifying unit installed at the 

Shapire sawmill in Paraguay 

A gasifying unit was installed at a sawmill in Paraguay during the 1970’s when the petroleum 

prices were sharply raised. The industries that were “of the grid”, and had to generate their own 

electricity through fossil fuel, were largely affected by the petroleum price raise. Year 1978 the 

management at the Shapire sawmill decided to install a gasifier to generate electricity from the 

wood residues produced at the sawmill. The criteria on the equipment were: 

 A robust low speed engine with simple mechanisms 

 A gasifier that can use the residues from the sawmill, shifting sizes and moist content, and 

produce a good quality gas for the engine 

 Scaled large enough for future expansion of the sawmill 

 Provision of regulation of fuel consumption 

 Designed suitable for operation by local workers, maintenance by rural mechanics and 

spare parts easily found in the region 

 The gasifier should meet industrial safety regulations and not harm the environment around 

the factory 

 

The fuel used in the gasifier where the residues produced from the sawmill, this was about 

35% of the logs sawed in the mill. This was far more energy than the sawmill needed, 

therefore the effort in optimizing the design of the gasifier was not needed. The gasifying unit 

has a total height of 3600 mm and a diameter of 1400 mm. The gasifier can run for about 14 

hours if fully charged with wood. Refilling the gasifier is not a problem, when the top-/refill 

lid is left half open to eliminate the risk of vacuum building up in the gasifier. The wood gas 

filter consists of a cylindrical drum 800 mm in diameter and 2650 mm high filled with pieces 

of soft wood with the dimensions 350 x 80 x 70 mm. This gives a large enough surface area 

and time for the producer gas to cool down to about 45˚C and reduce the amount of soot in the 

gases to an acceptable level. This has proven to be a robust and practical type of filter with a 

long lifetime. The wood pieces have to be changed every second year.  

The generator used is manufactured by AEG and is rated at 40 kW and the engine is a one 

cylinder 90 horsepower “Deutz” working at 1500 rpm. The generator is running for about 14 

hours per day. The generator provides electricity for the neighbouring houses for four more 

hours after the sawmill has closed for the day. The power consumption is estimated to 463 

kWh that is an average effect of 33 kW. The amount of wood needed to produce one kWh of 

electricity is about 4,1 kg. This is an efficiency of about 9%. The efficiency can be increased 

if the gasifier would have a more controlled air inlet into the hearth zone and if the wood 

would have lower moisture content.  
Table 2. Tables Shows the technical data for the gasifying unit for the Shapire sawmill in Paraguay 

Technical Data for the Shapire Sawmill 
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Electric generator capacity 40 kW 

Engine power 
67 kW (90 

hp) 

Electric generator work hour 

per day 
14 h 

Power consumption per day 463 kWh 

Waste wood consumption per 

kWh 
4,1 kg 

Maximum moist content of 

wood 
37% (dry) 

 

The investment cost for this equipment was US$ 10730.The total cost for buying land and 

building the shelter for the system is about $US 2730. The total investment cost for the system 

with shelter, machinery and equipment, electric installations, transport, insurance, assembly 

and testing comes to $US 16920 or 423 US$/kW.  

The labour needed in order to operate and maintain the gasifying unit is estimated to a half 

days work. This includes start up, filling/fuelling the gasifier, cleaning the ash pit, emptying 

the condense water from the filter, lubricating and shutting it down. The worker has a salary 

of US$ 476 per month and gets an additional US$ 80 for watching and shutting it down in the 

evening after the factory is closed. Since the worker only has to set aside a half day to the 

gasifier and the rest of the time he can work in the factory half of the salary goes to the 

gasifying unit. The annual cost for labour then becomes US$ 3330. The cost of lubricant is 

estimated to 0,0067 US$/kWh which gives an annual cost of US$ 930. Cost for spare parts 

and reparations were about 13 % of the investment cost annually, US$1385. The total annual 

operating cost for the system, operating labour, fuel, lubricant and spare parts for the system 

is US$ 9010. The annual capital cost for the system is about US$ 4460. The cost of fuel is 

very low, the only cost for the fuel is the preparation of the wood pieces to fit in the gasifier. 

The annual fuel cost is estimated to US$ 2030. 

Table 3. Table shows the economical specifications for the Shapire Sawmill in Paraguay 

Economy for the sawmill in Paraguay 

Investment cost 16900 US$ 

Annual maintenance cost 9010 US$ 

Capital cost (Interest rate 

10% and a 5 years payoff 

time) 

4460 US$ 

Annual energy production 138900 kWh 

Cost per kWh 
0,097 

US$/kWh 

 

When the production of electricity through diesel was replaced by wood gas the calculated 

payoff time was less than 2,5 years. The Shapire sawmill had been running for four years 
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when the FAO report was written and there was no doubt that it had been a good investment 

(FAO Forestry Department, 1986) 

 


